IN the past decade several cases of both great vessels arising from the right ventricle combined with pulmonary stenosis have been reported.1-5 This condition has been described as complete dextroposition of the aorta, pulmonary stenosis, and ventricular septal defect' and also as double outlet right ventricle.2 During life this malformation has frequently been confused with the tetralogy of Fallot and the correct diagnosis has usually not been made until autopsy.
Recently, in this clinic and elsewhere," various angiocardiographic procedures have proved to be of diagnostic aid in the recognition of both great vessels arising from the right ventricle combined with pulmonary stenosis. Surgical correction of this malformation, although difficult, has been successfully performed*," emphasizing the necessity of a correct antemortem diagnosis. Inasmuch as the hemodynamics of this entity differ in many aspects from those of a tetralogy of Fallot and since the alteration in the work required of the heart is usually reflected in the cardiac electrical activity,7-9 it was thought that the electrocardiogram might show specific changes in this malformation. Indeed, we have seen a few patients in whom the electrocardiogram suggested that the con- genital anomaly was not a tetralogy of Fallot but that of both great vessels arising from the right ventricle combined with pulmonary stenosis. The purpose of this report is to present the electrocardiographic features in 22 patients with both great vessels arising from the right ventricle combined with pulmonary stenosis and to review these findings in relation to the hemodynamics and the differential diagnosis of this malformation from a tetralogy of Fallot.
Material and Methods
The records of 22 patients with both great vessels arising from the right ventricle combined with pulmonary stenosis who were followed in the Harriet Lane Home Cardiac Clinic between 1946 and 1963 were studied. The patients were divided into two groups. Group A is composed of 14 patients in whom the diagnosis was proved either at autopsy (in 13) or at surgery (in 1). Group B is composed of 8 patients in whomn the diagnosis was established either by angiocardiography (in 6) or by eineangiocardiography (in 2). Twelve patients were male and ten were female. Their ages ranged between 6 months and 25 years. The detailed analysis of the clinical, radiological, laboratory, and autopsy data will be published elsewhere.
All the electrocardiograms were reviewed. In the majority of patients the six limb leads and at least five precordial leads were available. In two instances, however, only the standard limb leads and three precordial leads were available; in three other patients only the standard leads were recorded. Unless otherwise specified, the tracings selected for analysis were those recorded prior to any cardiovascular surgery.
The routine electrocardiographic measurements were made according to standard procedures.'0 In Circulation, Volume XXVIII, December 19 infants and children, in order to allow a comparison with Ziegler's normal values,1" the widest interval in any of the leads represented the duration of the QRS interval. Ashman and Hull's12 tables served as the standards for the upper normal values of the P-R interval. The P-R index was established according to the previously reported formula. '3-15 The diagnosis of right atrial and right ventricular hypertrophy, biventricular hypertrophy, and right bundle-branch block were made according to the criteria of Sodi-Pallares. '6-18 In adults the right bundle-branch block was diagnosed as complete when the QRS interval was 0.12 second or more. In children, as recommended by Keith and associates,19 complete right bundle-branch block was considered to be present when the QRS exceeded the nornmal maximal duration for the given age. When the above-nmentioned values were not attained, the block was called "incomplete."
Results
The electrocardiographic findings in groups A and B, as well as in the total series, are summarized in table 1.
Atrial Activation
The rhythm was sinus in all but two cases; in these two it was nodal. The frontal P axis ranged from +750 to -30°( fig. 1 ), the mean value being +43°for group A, +41°for group B, and +42°for the total series. In all cases the spatial mean P axis was directed anteriorly.
The P waves were usually peaked in lead II and frequently of high amplitude. Their voltage was equal to or exceeded 0.25 mV. in nine patients in group A (86 per cent) and in seven patients in group B (87 per cent). Thus the incidence of right atrial enlargement in the whole series was 86 per cent.
Atrioventricular Conduction
The atrioventricular conduction was frequently delayed. Among the 20 patients with a sinus rhythm, first degree heart block was found in five of 12 (42 per cent) and in seven of the eight patients in group B (87.5 per cent). The incidence of first degree heart block in the whole serieswas 60 per cent. However, the incidence of patients with delayed A-V conduction in both great vessels arising from the right ventricle combined with pulmonary stenosis is probably even greater than 60 per cent because in six of the eight patients with sinus rhythm in whom the P-R interval was apparently normal, the P-R index ranged between 0.88 and 1.00. The mean P-R index for normal subjects was found to be 0.75 with standard deviation + 0.09;14 thus a P-R in-dex of 0.88 or above suggests that also in these patients the conduction time was in all probability delayed.
Ventricular Activation
The frontal QRS axis ranged between +80°a nd -70°( fig. 1 ), the mean value being +169°for group A, +135°for group B, and +157°for the entire group. The spatial QRS axis was directed anteriorly in all cases.
The duration of the QRS complex ranged between 0.07 and 0.13 second; the mean duration being 0.097 second for the whole series.
The most frequent configuration of the QRS complex in V1 was a rsR' pattern; this ECG WITIH MALPOSITION OF GREAT VESSELS occurred in 10 of 19 cases in which the precordial leads were available. The rR' anid rsR's' patterns were seen in three instances each. Three patients had a RS, rR's, and qR pattern each. The R and R' waves in lead VI were frequently broad and slurred and usually accompanied by broad and slurred S waves in leads I and V6. The amplitude of the R and R' wave in V1 ranged between 0.5 and 5.2 mV. ( fig. 3 ). The mean value for group A was 2.6 mV. and for group B was 2.2 mV.; for the enitire series the mean value was 2.4 mV. The miean amplitude of the S wave in V1 was 0.18 mV. for group A, 0.14 mV. for group B, and 0.17 mV. for the entire series. In only two instances did the amplitude of S wave in VI exceed 0.2 mV. The mean R/S ratio in V1 was 14 for group A, 15 for group B, and 14.3 for the whole group. The intrinsicoid deflection in V1 was delayed in all cases and ranged between 0.04 and 0.11 second. The ventricular complex over the left precordial leads (V5 or V6) showed a q wave in four of the 11 cases with available chest leads in group A (36 per cent) and in seven of the eight cases in group B (87 per cent). The amplitude of the R waves over the left precordial leads was frequently higher thaii expected in the presence of severe right ventricular hypertrophy. In four of the 11 cases of group A and in three of the eight cases of group B, the voltage of the R wave was equal to or exceeded the voltage of the S wave in V5 or V6. The mean R/S ratio in the left precordial leads was. 0.6 in group A and 1.2 in group B; thus in the entire series it was 0.84.
Ventricular Recovery
The frontal T axis ( fig. 1 ) ranged between +90°and -30°in group A with a mean of +260; it was between +60°and 00 in group B with a mean of +340. The mean frontal T axis for the entire series was +280. In the majority of cases, the T wave was negative in VI; it was isodiphasic (-+) in four instances, and positive in one.
Ventricular Hypertrophy
Severe right ventricular hypertrophy (figs.
Circulation, Volume XXVIII, December 1963 2 to 6A) was present in all except for two cases in group A in which it was moderate and for one case in group B in which it was mild ( fig. 7 ). Concomitant left ventricular hypertrophy was diagnosed in seven of the 11 cases (64 per cent) of group A in which precordial leads were available (figs. 2A and 4); two of these seven patients, however, had had previous systemic-pulmonary anastomosis, which may have contributed to left ventricular hypertrophy. In group B, left ventricular hypertrophy (figs. 5 to 7) was diagnosed in eight patients (87.5 per cent), two of whom had had previous anastomotic procedures. The lower incidence of left ventricular hypertrophy in group A than in group B is probably related to the greater number of very young patients in the former group with relatively more severe right ventricular hypertrophy (figs. 2B and 3). In one patient who presented evidence of only mild right ventricular hypertrophy, the signs of concomitant left ventricular hypertrophy were particularly prominent ( fig. 7 ). In the total series the incidence of patielnts with biventricular hypertrophy was 74 per cent.
Intraventricular Conduction Disturbances
Complete right bundle-branch block (figs. 2 to 6) was present in eight patients in group A (73 per cent) and in four patients in group B (50 per cent). Incomplete right bundlebranch block ( fig. 7 ) was diagnosed in one patient in group A (9 per cent) and in four in group B (50 per cent). The incidence of complete right bundle-branch block in the total series was 63 per cent and that of incomplete right bundle-branch block, 26 per cent.
One of the two patients in group A in whom an intraventricular conduction disturbance was not diagnosed probably did have an incomplete right bundle-branch block. This patient had a qR complex in Vi; at the age of 11 months the duration of the ventricular complex was 0.08 second and the S waves in lead V6 and lead I were broad and slurred.
Discussion
It seems certain that both great vessels arising from the right ventricle combined with pulmonary stenosis is a more common malformation than has previously been suspected. Most of the patients with this malformation have been misdiagnosed as having tetralogy of Fallot. Furthermore, Taussig5 has emphasized that a systemic-pulmonary anastomosis in patients with both great vessels arising from the right ventricle combined with pulmonary stenosis usually causes difficulty in the expulsion of blood from the left ventricle and often leads to death from pulmonary edema. If open-heart surgery is undertaken and the origin of both great vessels from the right ventricle is not recognized, the closure of the ventricular septal defect in the usual way will be disastrous.6 It is obvious, there-fore, that the differentiation of this condition from other malformations with eyanosis and decreased pulmonary blood flow, especially from the tetralogy of Fallot, is of more than academic importance.
The present study indicates that the electrocardiogram may be of great assistance in the diagnosis of both great vessels arising from the right ventricle combined with pulmonary stenosis (table 2). The electrocardiographic features of this malformation are distinctive. Severe right ventricular hypertrophy, right atrial enlargement, and intraventricular conduction disturbances are almost always present. A large number of patients also show signs of left ventricular 
Figure 4
Electrocardiogram of an 11-year-old patient, who had previously had two anastomotic procedures. Note complete right bundle-branch block and first degree A-V block. (In lead I the P-R sinterval is 0.18 second while the upper limit for the patient age and heart rate is 0.17 second). The relatively high R wave over V5 6, preceded by a q wave in V6, in presence of very severe right ventricular hypertrophy, suggests associated left ventricular hypertrophy. The autopsy revealed hypertrophy of both ventricles, that of the left ventricle greater than that of the right. hypertrophy and of a delayed atrioventrieular conduction time. These features are discussed in the order of their relative diagnostic importance.
Left ventricular hypertrophy is one of the most significant findings. Taussig5 has emphasized that one would expect to find left ventricular hypertrophy in patients with both great vessels arising from the right ventricle combined with pulmonary stenosis. In this malformation the blood from the left ventricle cannot be ejected directly into the aorta and must reach the systemic circulation through the ventricular septal defect and the right ventricle. Under such circumstances, Circulation, Volume XXVIII, December 1963 the left ventricular contraction to be effective must be powerful since the resistances to it are the sum of the peripheral resistance, of the resistance eaused by the flow of blood from the right ventricle into the great vessels, and of that caused by the ventricular septal defect. The last resistance is related to the size of the defect. Indeed, in order for the blood to be pumped from the left ventricle into the right ventricle, the left ventricular pressure must be greater than that of the right ventricle. These considerations are supported by the autopsy findings. Hypertrophy of the left ventricle was observed in the case reported The electrocardiographic recognition of left ventricular hypertrophy in the presence of concomitant right ventricular hypertrophy is frequently difficult and sometimes inipossible. If the right ventricular forces are sufficiently powerful, they may balance or even outweigh the left ventricular forces. When, however, the amplitude of the R wave over the left precordium is increased, normal, or evein decreased less than would be expected in the presence of severe right ventricular hypertrophy, this finding is strongly suggestive of an associated left ventricular hypertrophy.17 The probability of concomitant left ventricular hypertrophy is even greater if the R wave in the left precordial leads is preceded by a q wave and the intrinsicoid deflection is delayed.'8 In the absence of a q wave in the left precordial leads it may not always be easy to ascertain whether the ventricular complexes in these leads are related to the left ventricle. When, however, right bundle-branch block is present, a broad and slurred S wave in V5 and V6 is very helpful in confirming that these leads do reflect the potential variation of the free wall of the left ventricle even though the q wave is absent. This approach, based on Sodi-Pallares' method of analysis of unipolar leads,'16 23 was found very helpful for the diagnosis of biventricular hypertrophy. With these criteria, it was possible to diagnose left ventricular hypertrophy in 74 per cent of our cases. The presence of electrocardiographic evidence of left ventricular hypertrophy is virtually un-Circulation, Volume XXVIII, December 1963 known in an uncomplicated tetralogy of Fallot. This finding is less significant after creation of a systemic-pulmonary anastomosis as the anastomosis increases the work of the left ventricle.
Right bundle-branch block is of common occurrence in patients with both great vessels arising from the right ventricle combined with pulmonary stenosis. Because of the high incidence of complete right bundle-branch block in this series, the authors wish to emphasize that the above findings satisfy not only the criteria for this conduction disturbance based on the configuration but also those based on the duration of the QRS complex. A polyphasic ventricular complex with a broad R' in lead VI accompanied by a broad S wave in lead I and in the left precordial leads was present in almost all the cases. The duration of the QRS complex was never less than 0.12 second in adults and always exceeded the maximal normal values" for the given age in infants and children. Inasmuch as the duration of ventricular activation is related to age, the significance of the duration of the QRS complex has been evaluated in relation to the age of the patient.19 Indeed, the average width of the QRS interval is only 0.0551" at the age of one month and increases steadily during the entire period of growth.20 In this series even in cases diagnosed as incomplete right bundle-branch block, the duration of the QRS complex has usually been prolonged when compared to normal values.
The frequent oceurrence of complete right bundle-branch block in this malformation is of considerable diagnostic value. Although incomplete right bundle-branch block may be seen in 15 to 20 per cent of patients with a tetralogy of Fallot,21 the presence of complete right bundle-branch block is extremely unusual. Therefore, the finding of complete right bundle-branch block in a patient suspected of having a tetralogy of Fallot makes this diagnosis doubtful; indeed, such a find-
Electrocardiogram of a 7-year-old patient (diagnosis established by cineangiocardiography). Note extreme right atrial enlargement and incomplete right bundle-branch block.
The P-R interval (0.17 second) exceeds the upper limit of normal for the patient's age and heart rate (0.16). The severe left ventricular hypertrophy partially masks the right ventricular hypertrophy.
ing suggests the possibility of both great vessels arising from the right ventricle combined with pulmonary stenosis. On the other hand, the absence of incomplete or complete right bundle-branch block is against the latter diagnosis.
The mechanism of the intraventricular conduction disturbances in both great vessels arising from the right ventricle combined with pulmonary stenosis is not clear. Although the possibility of congenital anatomic lesions of the conduction system should be considered, it may be related to the extreme volume overloading of the right ventricle, which occurs in this malformation. Indeed, since the ventricular septal defect is the only outlet for the left ventricle, all the blood expelled by the left ventricle must pass through the right ventricle. The relation between the volume overloading of the right ventricle and right bundle-branch block is now well established.' 8 One would expect, therefore, to find a higher incidence and a more advanced degree of these intraventricular conduction disturbances in the origin of both great vessels from the right ventricle combined with pulmonary stenosis than in malformations in which the volume overloading of the right ventricle is not so severe.
The terms "volume" and "diastolic" overloading usually are considered to be synonyms and frequently are used interchangeably. When both great vessels arise from the right ventricle combined with pulmonary stenosis, hemodynamic data demonstrate that this is not always the case, since the volume overloading of the right ventricle in this malformation occurs mainly in systole; therefore, the term " diastolic " overloading would be misleading.
Right ventricular hypertrophy is reported3
in this malformation to be of the type seen in the tetralogy of Fallot. In spite of the usual anatomic evidence of left ventricular hypertrophy when both great vessels arise from the right ventricle combined with pulmonary stenosis, the electrocardiographic signs of right ventricular hypertrophy in our Cirsulation, Volume XXVIII, December 1963 series are frequently more pronounced than in the tetralogy of Fallot. The electrical axis is often deviated far to the right. The mean direction of the frontal QRS axis in the present series of patients is +157W as opposed to approximately +130°in the tetralogy of Fallot. 20 The R/S ratio in V1 in the present group is 14.3/1, which is higher than the ratio of 11.4/1 reported by DePasquale and Burch22 in the tetralogy of Fallot with persistent right-to-left shunt. In some of our cases the R waves in XVJ reached the amplitude of 5.2 mV. (fig. 3 ). This quantitative difference in the degree of right ventricular hypertrophy is caused by the greater burden imposed upon the right ventricle when pulmonary stenosis is combined with both great vessels arising from the right ventricle than in the tetralogy of Fallot. Although the resistances to the ejection of blood by this chamber are similar in the two malformations, in the former condition the right ventricle, in addition to its usual load, also handles the entire left ventricular output. It is not surprising, therefore, to find evidence of a more severe right ventricular hypertrophy in both great vessels arising from the right ventricle combined with pulmonary stenosis than in tetralogy of Fallot.
Delayed atrioventricular conduction time has been a frequent finding in this series. Little is known about the mechanism of such conduction disturbances in congenital heart diseases. The recent observation that the delayed atrioventricular conduction time in a patent ductus arteriosus returns to normal shortly after surgery15 points toward the conelusion that the atrioventricular conduction disturbances may be related to hemodynamic rather than to anatomic factors. In the malformation under discussion no data are available to support either of these possibilities. Regardless of its etiology, the occurrence of first degree heart block is of diagnostic value in the differentiation between both great vessels arising from the right ventricle combined with pulmonary stenosis from the tetralogy of Fallot. The occurrence of atrioventricular conlduction disturbarices in the tetralogy of Fallot is extremely rare.22
Right atrial enlargement was present in 86 per cent of our cases. The diagnostic value of this sign, particularly in relation to the differential diagnosis of both great vessels arising from the right ventricle from the tetralogy of Fallot is, however, impaired by its lack of specificity. Indeed, in the tetralogy of Fallot right atrial enlargement is reported to be present in approximately a third of the cases.22 Nevertheless, the absence of right atrial enlargemient makes the diagnosis of the combination of pulmonary stenosis and the origin of both great vessels arising from the right ventricle quite unlikely.
Summary and Conclusion
An electrocardiographic study of 22 patients in whom both great vessels arise from the right ventricle combined with pulmonary stenosis revealed an almost constant association of right atrial enlargement, of intraventricular conduction disturbances, and of severe right ventricular hypertrophy. A large number of patients also showed signs of left ventricular hypertrophy and of a delayed atrioventricular conduction time.
The present study demonstrates that the electrocardiogram may be of great value in clinical recognition of both great vessels arising from the right ventricle and particularly in the differential diagnosis of this malformation from the tetralogy of Fallot. The two most important findings in the differential diagnosis are left ventricular hypertrophy and complete right bundle-branch block; these findings were present in 74 per cent and 63 per cent, respectively, of the cases in this series. The relatively high incidence of first degree atrioventricular block is also important; this was found in 42 per cent of the proven cases. None of these features is usual in a tetralogy of Fallot. The diagnostic value of right ventricular hypertrophy and of right atrial enlargement is less specific; the knowledge, however, that the former is usually less severe and the latter less frequent in the tetralogy of Fallot than in both great vessels arising from the right ventricle combined with pulmonary stenosis may also be helpful. The electrocirdiographic features in both great vessels arising from the right ventricle combined with pulmonary stenosis were discussed in relation to the hemodynamic alterations caused by this malformation. The unusually high incidence of complete and incomplete right bundle-branch block may be related to the extreme volume overloading of the right ventricle that in this malformation occurs during systole.
